Abstract: This study investigates whether daily Internet use time is related to the school performance of Korean adolescents. We therefore analyzed raw data from the 2009 Korea Youth Risk Behavior Web-based Survey-V (KYRBWS-V), in which 75,066 students from the middle-school first grade to the high-school third grade participated. We assessed the association between daily Internet use time and school performance by using multivariate logistic regression analysis adjusted for age, body mass index, education level of parents, and economic status of the family. For boys, the odds ratio (OR) [95% confidence interval (CI)] for recording ≥average school performance and daily time spent on Internet use was 1.876 (1.752-2.008, p < 0.001) for ≤1 hour, 1.564 (1.467-1.667, p < 0.001) for >1-≤2 hours, 1.158 (1.079-1.242, p < 0.001) for >2-≤3 hours, and 0.759 (0.695-0.828, p < 0.001) for over 4 hours, when compared to those who never used the Internet. For girls, the OR (95% CI) for recording ≥average school performance and daily Internet use time was 1.729 (1.607-1.860, p < 0.001) for ≤1 hour, 1.503 (1.399-1.616, p < 0.001) for >1-≤2 hours, 1.193 (1.100-1.293, p < 0.001) for >2-≤3 hours, and 0.809 (0.725-0.903, p < 0.001) for over 4 hours, when compared to those who never used the Internet. It was concluded that Korean adolescents who spend ≤3 hours per day on the Internet are predisposed to an increase in performance levels at school, whereas those who spend over 4 hours per day on the Internet are predisposed to a decrease in school performance levels.
Introduction
In general, adequate physical activity (PA) has various benefits, such as improving mental health, mood, weight status, muscle and bone strength, life span, and the ability to perform daily activities. Moreover, PA decreases the risk of cardiovascular disease, type-2 diabetes, some cancers, falls, and metabolic syndrome [1] [2] [3] . Conversely, physical inactivity, such as a sedentary lifestyle, leads to adverse effects on health, including an increase in the risk of musculoskeletal disorders, cardiac disease, stroke, type-2 diabetes, being overweight, bone mineral density, and some cancers [4] [5] [6] [7] [8] . Since PA and physical inactivity are independent risk factors of health, many studies have been conducted to examine either the relationship between PA and health benefits or the relationship between physical inactivity and adverse health effects.
In recent years, several studies have reported that adequate PA improves memory and cognitive functions in the brain [9] [10] and that PA enhances the performance and academic achievements that are related to brain activities of adolescent students [11] [12] [13] [14] . However, although adequate PA has positive effects on academic achievement, academic performance, and academic outcomes via increased brain activities, no study has focused on the relationship between physical inactivity and academic outcome variables in school pupils.
The number of Internet users has grown dramatically in the Republic of Korea. Internet penetration in Korea is the highest in Asia, reaching 80.9% of the population [15] . As a result of increasing Internet use, there has been a decrease in PA among Koreans [16] . Moreover, because the Internet browser is a new device and computer use is rising rapidly, daily Internet use time is a major risk factor for a sedentary lifestyle in the 21 st century. Therefore, this study aimed to examine whether daily Internet use time is related to school performance in Korean adolescent students.
Methods

Subject
The 5th Korea Youth Risk Behavior Web-based Survey (KYRBWS-V) was conducted in 2009 as a retrospective epidemiological study with a complex sample design, including multistage sampling, stratification, and clustering. This nationwide school-based survey was conducted by the Korea Centers for Disease Control and Prevention (KCDCP) to determine the prevalence of health-risk behaviors in Korean adolescent students, aged 13-18, in the seventh to the twelfth grade [17] . All the details pertaining to data collection procedures have been reported by the KCDCP [17] , and the reliability and validity of the data obtained using the questionnaire have been evaluated in previous studies [18] [19] . Students asked to participate in the survey were assigned unique identification (ID) numbers by classroom teachers. The students accessed the survey Web page using their ID numbers and responded to a question regarding their willingness to participate. Willing participants (97.6%, n = 75,066/76,937, of those asked) completed the questionnaire anonymously at school, and those unwilling to take part did not progress further. A total of 39,612 boys and 35,454 girls participated, and, since KYRBWS-V did not collect private information, ethical approval was not required for this study.
Potential covariate variables such as age, body mass index (BMI), education level of parents, and economic status of the family, were taken into account. The characteristics of the participants are shown in Table 1 .
Dependent variables
Self-reported school performance was evaluated for each participant by asking the question "In the past 12 months, how has your average school performance been?" (Q1). The response options were (1) very good, (2) good, (3) average, (4) poor, and (5) very poor. These responses were then classified into the following two groups for multivariate logistic regression analyses: (1) <average school performance and (2) ≥average school performance.
Independent variables
Internet use time was evaluated for each participant by asking two questions. (Q1): "In the last month, how much time, on average, did you spend using the internet, including games and Web surfing, per day on week days?" (Q2): "In the last month, how much time, on average, did you spend using the internet including games and Web surfing during weekends?" Responses were recorded in 30-minute increments. Average daily time spent using the Internet was calculated as follows:
{(Average hours spent using the Internet per day on weekdays × 5 days) + (average hours spent using the Internet per day on weekends × 2 days)} / 7 days = average time spent using the Internet per day.
Average times of daily Internet use were classified into six groups: (1) Never use the Internet; (2) ≤1 hour; (3) >1-≤2 hours; (4) >2-≤3 hours; (5) >3-≤4 hours; and (6) Over 4 hours
Covariate variables
(1) Ages: the ages of the participants, as defined by the KYRBWS, were used without any modifications.
(2) BMI: The participants were asked to record their height and weight. BMI (kg/m 2 ) was then calculated from these data for each participant.
(3) Education level of parents: The four responses were (1) unknown, (2) middle school or lower, (3) high school, and (4) college or higher.
(4) Economic status of the family: The five responses ranged from (1) very rich, (2) rich, (3) average, (4) poor, and (5) very poor.
Statistical analysis
All the results are shown as the mean ± standard deviation. Multivariate logistic regression analyses were conducted to determine whether daily Internet use time was related to school performance, after adjusting for covariate variables. Statistical significance was set at p < .05, and all analyses were performed using SPSS ver. 18.0 (SPSS, Chicago, IL, USA).
Results
The results of the multivariate logistic regression analyses comparing Internet use time per day for the groups of participants with <average and ≥average school performance are shown in Table 2 . Daily Internet use time ranged from (1) "never use the Internet" to (6) "over 4 hours per day". Data are represented as mean ± SD or N (%) For girls, the OR (95% CI) for recording ≥average school performance and daily Internet use time was 1.729 (1.607-1.860, p < 0.001) for ≤1 hour, 1.503 (1.399-1.616, p < 0.001) for >1-≤2 hours, 1.193 (1.100-1.293, p < 0.001) for >2-≤3 hours, and 0.809 (0.725-0.903, p < 0.001) for over 4 hours, when compared to those who never use the Internet. The results showed that for girls recording ≥average school performance, ≤1 hour of Internet use time per day increased performance by 72.9%, >1-≤2 hours of Internet use per day increased performance by 50.3%, while >2-≤3 hours spent on daily internet use increased performance levels by 19.3%. However, over 4 hours of Internet use per day led to a decrease in performance levels of 19.1%, compared to those who never use the Internet.
Discussion
This study aimed to investigate the association between daily Internet use time and recording greater than average school performance in Korean adolescents. The results show that in the study participants, recording ≥average school performance was positively associated with daily Internet use of ≤3 hours and negatively associated with daily Internet use of over 4 hours.
Our hypothesis was based on physical inactivity, such as Internet use time per day, having a negative association with school performance because physical inactivity causes obesity and leads to decreased brain activities (20) (21) (22) . However, interestingly, we found that ≤3 hours of daily Internet use had positive effects on school performance. Small et al. (2009) reported that Internet searching is highly stimulating for the brain; in particular, performance of Internet tasks demonstrates strongly enhanced activity in the visual cortices of brain when compared with a reading task [23] . Therefore, although Internet use time represents a factor of sedentary activity, enhanced brain activity via the use of the Internet task might stimulate the brain such that school performance improves.
Nevertheless, since Internet use time also represented a certain amount of physical inactivity, when Internet use time was over 4 hours, it negatively affected school performance in our study. On the basis of our results, it is clear that parents or guardians must restrict Internet use to fewer than 3 hours per day at home in order to prevent decreased school performance in adolescents. However, brain activities might be stimulated by using the Internet for 1-2 hours per day, so we recommend proper use of the Internet for brain health.
This study has several limitations. Firstly, the KYRBWS-V was conducted using online methods, and the information was collected from the students themselves. Therefore, information regarding education level of parents and economic status of the family was obtained from the adolescents, not from the parents, and these data may therefore be inaccurate. Secondly, this study was a retrospective epidemiology study. Therefore, we did not provide definitive evidence of a cause-and-effect relationship, but rather only assessed the interrelationship between daily Internet use time and school performance. Finally, as measured in the present study, school performance did not incorporate academic achievement, academic behaviors, and academic outcomes, and these factors might contribute to school performance. However, since this study sample consisted of 75,066 adolescents from all over Korea, and was thus highly representative of the Korean student population, it is highly likely that the association between time spent using the Internet per day and school performance can be generalized to all Korean adolescents.
Conclusion
It was concluded that Korean adolescents who spend ≤3 hours per day on the Internet are predisposed to increasing school performance levels, whereas spending over 4 hours per day on Internet use predisposes adolescents to a decrease in school performance, regardless of age, BMI, education level of parents, and economic status of the family.
